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(57) A retardation film that can compensate for the 
optical properties of the liquid crystal cells of a liquid 
crystal display device and thereby enhance image qual- 
ity. The retardation film consists of a single polymer film, 
which has a wavelength range in which the retardation 
value Is positive and a wavelength range in which It Is 
negative in a wavelength range of 400-800 nm, and 
which satisfies the following inequality (1 ) and/or (2) and 
has a water absorption of no greater than 1% by mass. 



IR(400)I > lOnm 



IR(700)l > lOnm 



(1) 



(2) 
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Description 

Technical Field 

' E.TJinJ*'? '^'^'^^ *° ^ ^^'^^dation film. More specifically, it relates to a retardation film with 

nove opt,cal propert.es that .s useful for an optical element such as a liquid c^^stal display device or anti-glare fTm to 
a laminated retardation film and retardation film-integrated polarizing film employing it. and to optical applauses such 
as liquid crystal display devices that employ the films. x y , opuca. apparaiuses such 

Background Art 

Sm°3 c f """^^^^^ "^^^ STN (Super Twisted Nematic) systems of liquid crystal display devices with the 

Tor LmS^r"' f ? f color compensation or viewing angle enlargement. The materials commonly used fo' 
color compensating retardation films are polycarbonates, polyvinyl alcohols, polysulfones, polyether sulfones amor 

tioned above as well as polymer liquid crystals, discotic liquid crystals and the like 

SLdlrt^nfr^T ''^'^V^ •yP^ °' retardation film, can convert circulariy polarized light to linearty 
c^iTil ' H ' "^'^ '° "'^""'^ "9^* "T'^'^ b^^n "t'"^ed in combination wfth liquid 

crystal display devices, particularly reflective liquid crystal display devices having a single polarizing film where the 
rear electrode, as viewed by an observer, is the reflecting electrode, with anti-ref lection films cLpS 11" ^^ Sn 

o the^ike'Si^LT r ^"TT"? " """^'"^ "'"^^ ^""^P^-'^ °f Iiqui7c " tals 

rooS4 The rS^It ^r''"^^^^ ^"'^■^'^^ °^ counter-clockwise direction. 

S^^L JnHrTT ''^ ^^^•■^"^^ntioned single polarizing film-type reflective liquid crystal display 

Sh 7nH f T . ' '"^^ "^''^ " °' ""^^^'y light to circularly polarrzeJ 

fr«iL h ■ , P7;.^^^''^,'*°°-780 n'"- When this is accomplished with a single retardation film, the retardation film 
X'reXrab^^^^^^^^ ^"'"^ ''^'^^'^ ^ ^ ^^^-^ ^ °' ^00-700 nm. 

f^r^Ll"."'?,' *° f retardation with a shorter measuring wavelength as with an ideal quarter-wave 

rvelS^ «nH « hT"" .r"''"' "1"'"""'°" ""^^ ' ^ « t«<=^'"'<'"e °f "3ing a quarter 

^rizL Ins iLli^Tf:?/^ n "T"^ ^ ^" ^° ^-^'^ When linear po- 

m LI ? ^ '"i:" ^" appropriate angle, satisfactoiy circularly polarized light is obtained in approxi- 

cation HEI No. 10-68816 requires the quarter-wave film and half-wave film to be attached at an angle which is not 
perpendicular or parallel to the slow axis in the in-plane direction of each film. Because retardatio?mms made o 

dTrectn oflhTn T """^ 'T'^'''' " " '"^""^^ ^ ■ a^s i The rplane 

s rSa i^^^^^^^^ r P«^/"^'-'- »° the direction in which the film runs, although this depends on the 

thLt fh^ L !> . the refractive index anisotropy of the film material. Consequently attachment in such a manner 
hat the re ardation axes of the in-plane direction of each film are not at a perpendicular or parallel angle is not prefered 
from the standpoint of productivity because, when used in a liquid crystal display device, for examfJe he attachS 

to attach the two films continuously in a roll-to-roll manner. '"Ho&siDie 
[0006] Japanese Patent No. 26091 39 discloses a laminated retardation film characterized in that two three or more 
^Jrll ' T"' t^a"«Pa^«nt stretched plastic films are laminated with a combination of dierent 

^sTdir^r ' 1^ '° '"^^^^'"g^"^^' case of a laminate of two different birefringen 

wJ? if f r .k' ""^'"'"•^ '""P'^"^ '"'^"^ ^ r,on-perpendlcular relationship by a combination 

"useTThe m2h"oH f ' birefringence, or a combination with the same signs for the oriented birefringence 

he ui If , T °' /^P^"^^^ f^^*^"* 39 also allows a certain degree of retardation control, but it requires 

the use of a plurality of positive or negative films. 

SmnL E'<amlned Patent Publication (Kokai) HEI No. 6-230368 there is also disclosed a retardation film 

onT wT.f ^ T7 V'TT^"" °' °'' '"^^^ ''"^^^"^ P^'y^^'^' ^l^^-^'" birefringence is zero at at lert 
6 230368 Ll^o 1 """"^^ °' '^P«"^^^ Unexamined Patent Publication HEI No 

itSfo,^^ T °. ""^'^ P°'y"™erfilms, extra effort is required for the attachment step in which an optically 

satisfacton/ combination film is obtained, just as in the case of Japanese Patent No. 2609139. and therefore the cost 
roioaT^Tfc P^°f ^^^''^^ °f two or more films, while the small thickness of the film is an additional disadvantage 
oro^fLl If rT P^ T°'f °' ''^ P^^"^"' to provide a retardation film that compensates for the optical 

f ^^"""^ ^ '"'""^ '^'y^t^' '^'^P'^y '^ev'ce. to give enhanced image quality 

[0009] It IS another object of the invention to provide a single retardation film with novel optical properties of its own 
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[0010] It is yet another object of the invention to provide a novel lanninated retardation filnn or retardation film>inte> 
grated polarizing film with improved optical qualities over other retardation films or polarizing films by combination with 
the aforementioned retardation film. 

[001 1 ] It is yet another object of the invention to provide a retardation film that is useful for optical apparatuses such 
5 as liquid crystal display devices. 

Disclosure of the Invention 

[0012] The present inventors have studied a wide variety of materials with excellent optical properties, but for the 
10 optical uses of retardation films, attention was focused on polymer materials as transparent materials with low light 
absorption at the measuring wavelength, materials with a glass transition temperature of 100**C or higher, preferably 
120**C or higher and especially 150**C or higher, and materials that exhibit favorable molding properties. Polymer 
materials may be crystalline, amorphous, or liquid crystalline, but amorphous polymers usually allow solvent casting 
process and are therefore preferred for purposes in which retardation irregularities and the like must be minimized, 
^5 such as with retardation films. From this standpoint, polycarbonates, polyesters, polyallylates, polyolefins and the like 
are best as polymer materials, but it is believed that polycarbonates are particularly advantageous from the viewpoint 
of productivity and increasing freedom of molecular design for copolymerization and the like. 

[0013] The present Inventors also researched the optical properties, and found that a polymer film with excellent 
properties as a retardation film can be obtained by stretching a polymer film composed of a polymer blend comprising 

20 a polymer with positive refractive index anisotropy and a polymer with negative refractive index anisotropy, acopolymer 
made from a monomer component of a polymer with positive refractive index anisotropy and a monomer component 
of a polymerwith negative refractive index anisotropy, or a combination thereof. The polymers with positive and negative 
refractive index anisotropy referred to here are defined as follows: a polymerwith positive refractive index anisotropy 
is one wherein the direction of the maximum refractive index in the in-plane direction of the film, i.e. the slow axis, 

25 matches the stretching direction when the polymer film is unlaxially stretched, and a polymer with negative refractive 
index anisotropy is one wherein the slow axis is roughly perpendicular to the stretching direction. Some materials, like 
polystyrene, have positive refractive index anisotropy or negative refractive index anisotropy depending on the condi- 
tions of uniaxial stretching, but here it is defined as the refractive index anisotropy exhibited upon uniaxial stretching 
from 1 0°C below the glass transition temperature to 20**C above the glass transition temperature, as the usual stretching 

30 temperature conditions for fabrication of a commercially available retardation film. These measurements are made by 
polarized light analysis at a wavelength of 550 nm. 

[0014] Retardation films characterized by having a range in which the retardation value is positive and a range in 
which it is negative in a measuring wavelength range of from 400 to 800 nm with a single retardation film are unknown 
to the prior art. The present inventors have conducted diligent research on materials that give such retardation films, 
35 and have completed the present invention upon the discovery that polymers such as certain polycarbonates and blends 
of polyphenylene oxide and polystyrene are effective to this purpose, and that such retardation films can be fabricated 
by appropriate selection of the polymers. 

[001 5] It was further found that such retardation films can be used as laminates with other retardation films to control 
the retardation wavelength dispersion of the other retardation films and thus contribute to enhanced image quality for 
40 liquid crystal display devices. 

[0016] In other words, the present invention is accomplished by a retardation film consisting of a single polymerfilm, 
which has a wavelength range in which the retardation value is positive and a wavelength range in which it Is negative 
in a wavelength range of 400-800 nm, which satisfies the following Inequality (1) and/or (2), and which has a water 
absorption of no greater than 1% by mass. 

45 

IR(400)1 >10nm (1) 

3^ IR(700)l>10nm (2) 

where IR(400)I and IR(700)I represent the retardation values at wavelengths of 400 nm and 700 nm, respectively. 
[0017] The retardation film of the invention is believed to be based on the following principle. That Is, presumably, 
when the retardation value of the component with positive refractive index anisotropy and the retardation value of the 
55 component with negative refractive index anisotropy completely cancel each other out, the retardation value is exactly 
zero. However, because the polymer has wavelength dispersion in its birefringence, appropriate adjustment of the 
amount of the component with the positive refractive index anisotropy and the amount of the component with the 
negative refractive index anisotropy produces a phenomenon such that the retardation value is exactly zero at a wave- 
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L^Ilr^hTtr"""^ wavelength range of 400-800 nm. but the signs of the retardation values in the adjacent ranges 
rangeTJotsSS nm''"' ' ''"^'"'^ '^"^^ ^^'"^ "'^^-'^"9^^ 

Brief Description of the Drawings 

[0018] Fig. 1 shows a retardation film according to the invention 

ESIn! ^J-^' 1 1''°*^ ^ laminated retardation film employing a retardation film according to the invention 
oS? ! K°*' ^ film-integrated polarizing film employing a retardation film according to the invention 

to thlLention ' "^'"^ ""^'^^'^ " film-integrated polarizing film according 

[0022] Fig. 5 shows retardation wavelength dispersion for the retardation film of Example 1 
Snf ^1 retardation wavelength dispersion for the laminated retardation film of Example 4 

[0024] Figs. 7 to 9 show retardation wavelength dispersions for the retardation films of Examples 8 to 'l 0. 

Best Mode for Canying Out the Invention 
(Features of the retardation film of the invention) 

^ ^°,?^!Ik ^^^^^'^^t'"" f""^ °f the invention is characterized by a single polymer film having a wavelength range in 
rriTjf' N °:no'^«? ^ ""^ "^'^^^ - - --^-9th range Of roo'eoo 

m it !^^t ^ f '° °' "'"^ '""^ ^.avelength range of 400-800 nm. it is normally the case that 

400 nmTnw V ^'^-"^ increasing wavelength, being a negative retardation value at a wavelength of 

25 ^Inn >^ ^° !f ^^'"^ ^r (2) the retardation value is smaller wtth increasing wavelength 

being a positive retardation value at 400 nm and a negative retardation value at 800 nm. There is usually one wavelength 
at which the retardation value is zero within that wavelength range. waveiengtn 
[0026] The retardation film of the Invention is also characterized by satisfying the following inequality (1 ) and/or (2). 
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30 IR(400)l>10nm 



IR(700)I > 10nm 
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where IR 400)1 and IR(700)I represent the retardation values at wavelengths of 400 nm and 700 nm, respectively, 
t Jfr! J2t° .° ^ ''^^^[dation film of the Invention as a retardation film, it must have one wavelength at which 
the retardation value .s zero ,n the wavelength range of 400-800 nm, and preferably 400-700 nm while also having a 
rn.n.mum retardation value at a specific wavelength, i.e. satisfying the aforementioned inequality 1 ) a d^r (^^^^^^^ 
the reta dation value ,s constantly zero or near zero in the aforementioned wavelength rangeTt s difficult to provide 

^he f im r ' TT""" '''' ' " '"^"^""^ ^^^'^^ °f ^"equalities (1 ^ 

The film more preferably satisfies either or both of the following inequalities: 



IR(400)I >20 nm 
IR(700)I >20 nm 

and especially: 

IR(400)I >30 nm 

55 IR(700)I > 30 nm. 



^^^^^]rr.^^^T^ ^'^T^^ T ^ '^'^'^^'^^^ is difficult the water absorption of the polymer film is not 
1 /o by mass or below, the polymer film must satisfy the condition of a water absorption of no greater than 1 % by mass, 
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and preferably no greater than 0.5% by nnass ( Polymer film material) 

ra029] The polymer material used for the retardation film of the invention is not particularly restncted and may be 
any blend rcoSer or their combination that satisfies the aforementioned conditions, a't^^^S^.P^^^^^^-^^^ 
terLs with excellent heat resistance, satfefactory optical performance and suitab.hty to "J °"r^^^^^^^ 

thermoplastic polymers being especially preferred. For example, one or more types may be appropriately selected 
^orarnTpoS^^^^ polyesters, polycarbonates, polyoleflns. polyethers, polysulfin-based copolymers polysul- 
fone, pTye?heI^^^^^^^ However, in tem,s of the practicality of the retardation film, the water absorption 

of the polymer film is limited to no greater than 1 % by weight. 

r00301 A blend polymer must be optically transparent, and therefore it is preferably a compatible b end or one that 
ElgNy^qualrE^^^^ 

there may be mentioned combinations of poVmers having negative optical amsotropy P°'y^"'„^^,^^^^^ 
ylate) with polymers having positive optical anisotropy such as poly(vinyIidene fluoride), poly(ethylene oxide) and po y 
Sidene fluoride-co-trmuoroethylene), combinations of polymers having positive optical amsotropy such as PoV 
Envlene oxide) with polymers having negative optical anisotropy such as polystyrene, poly(styrene-co-lauroyl male- 

S polycstyr?^^^^ maleimide) and poly(styrene-co-phenyl malelmide), a combination of Polystyrene- 

CO maie^c anhydride) having negative optical anisotropy with polycarbonate having positive optical amsotropy and a 
Tomitlon o p t aT^.^ having positive optical anisotropy with P°'y(-^'-';;;f ^^^^^^^^^ 

Sna negative optical anisotropy; however there Is no limitation to these. From the standpoint of transparency, a 

oS^rpott^ene with a^'oly(phenylene oxide) such as poly(2,6^ 

preferred. For such combinations, the proportion of the polystyrene preferably constitutes from 61 /o by mass to 75 /o 

foOSlT ExampTes°'of copolymers that may be used Include poly(butadiene-co-styrene), ^^^^(^^^''^-'■^^^^l^^ 
pc;y(acrylonltrire-co-butadieL),poly(aorylonitrile-co-butadiene-co-^ 

poljme^, polyester carbonate copolymers and polyallylate copolymers. Polycarbonate copolymers polyester copol- 
ymers polyester carbonate copolymers, polyallylate copolymers and the like that have f luorene skeletons are partic- 
ularly preferred because the fluorene skeleton segments can provide negative optical amsotropy. 

(Polycarbonate films with fluorene skeleton) 

[00321 Particularly preferred for use as the polymer film for the retardation film of the Invention are polycarbonate 
Sr^ers produced by reaction of a bisphenol with phosgene or a compound that forms a '^/f*-^^^^^^^^ 
as diphenyl carbonate, because of their excellent transparency, heat resistance P^^'^^^^'^^^l^f^^*^^ .^^ J^f/^^ 
bonate copolymers are copolymers containing structures with fluorene skeletons. The component with the fluorene 

SoSr'sSrpX— 

polymer film of a polycarbonate composed of a repeating unit represented by the following fomiula (I): 



40 



45 



SO 




(I) 



where Ri-Rs 
carbon atoms, and X is 



each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 
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and -R23-, 

where R17-R19, R21 and R22 in Y are each independently selected from annong hydrogen, halogen atoms and hydro- 
carbon groups of 1 -22 carbon atoms, R20 and R23 are each independently selected from among hydrocarbon groups 
of 1 -20 carbon atoms, and Ar is selected from among aryl groups of 6-1 0 carbon atoms, 

such that the repeating unit represented by formula (I) constitutes 30-90 mole percent of the total polycarbonate and 
the repeating unit represented by fomnula (II) constitutes 70-1 0 mole percent of the whole. 

[0034] The material Is a polycarbonate copolymer consisting of a repeating unit with a fluorene skeleton represented 

by fonnula (I) above and a repeating unit represented by formula (II) above, or a composition containing a polycarbonate 
comprising a repeating unit with a fluorene skeleton represented by formula (I) above and a polycarbonate comprising 
a repeating unit represented by fonnula (II) above (hereunder also referred to as "blend polymer"). In the case of a 
copolymer, two or more of each of the repeating units represented by formulas (I) and (II) may be combined, and in 
the case of a composition as well, two or more of the aforementioned repeating units may be used in combination. 
[0035] In formula (I), Rr^s each independently selected from among hydrogen, halogen atoms and hydrocarbon 
groups of 1-6 carbon atoms. As hydrocarbon groups of 1-6 carbon atoms there may be mentioned alkyi groups such 
as methyl, ethyl, isopropyl and cyclohexyl, and aryl groups such as phenyl. Of these, hydrogen and methyl are preferred. 
[0036] In formula (II), R9-R16 a''© each independently selected from among hydrogen, halogen atoms and hydrocar- 
bon groups of 1 -22 carbon atoms. As hydrocarbon groups of 1 -22 carbon atoms there may be mentioned alkyI groups 
of 1-9 carbon atoms such as methyl, ethyl, isopropyl and cyclohexyl, and aryl groups such as phenyl, biphenyl and 
terphenyl. Of these, hydrogen and methyl are preferred. 

[0037] In Y of formula (II), R-17-R19, R21 and R22 are each independently selected from among hydrogen, halogen 
atoms and hydrocarbon groups of 1 -22 carbon atoms, which hydrocarbon groups may be the same as those mentioned 
above. R20 and R23 are selected from among hydrocarbon groups of 1-20 carbon atoms, which hydrocarbon groups 
may also be the same as those mentioned above. Ar is selected from among aryl groups of 6-10 carbon atoms such 

as phenyl and naphthyl. 

[0038] The content of formula (I), i.e. the copolymer composition ratio in the case of a copolymer or the blend com- 
position ratio in the case of a composition, is 30-90 mole percent of the total polycarbonate. Outside of this range, the 
film will not have a wavelength range in which the retardation value is positive and a wavelength range in which it is 
negative for a measuring wavelength of 400-800 nm, using a single retardation film. The content of formula (I) is 
preferably 35-85 mole percent, and more preferably 40-80 mole percent, of the total polycarbonate. 
[0039] Here, the molar ratio can be determined by, for example, nuclear magnetic resonance (NMR) with the total 
bulk of the polycarbonate composing the polymer film, whether in the case of a copolymer or a blend polymer. 
[0040] The aforementioned copolymers and/or blend polymers can be produced by publicly known processes. For 
polycarbonates, polycondensation processes and melt polycondensation processes with dihydroxy compounds and 
phosgene may be suitably used. For blends, compatible blends are preferred but even if they are not totally compatible 
the refractive indexes of the components can be matched to minimize light scattering between the components and 
improve the transparency. 

[0041 ] Of the aforementioned polycarbonates with fluorene skeletons, the following first, second and third copolymer 
polycarbonate types are partbularly suitable as materials for the polymer film composing the retardation film of the 
invention. 

[0042] First polycarbonate type: Polycarbonates composed of a repeating unit represented by the following formula 
(3): 



R J R 2 R s R B 




R3. R4 Rt Rs 

where Ri-Rs are each Independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 
carbon atoms, and X is the following formula (4) 
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^0 and a repeating unit represented by the following formula (5): 



(4) 
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(5) 



where Rg-R^e are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1 -6 
2= carbon atoms, a i- 

such that the repeating unit represented by formula (3) constitutes 60-90 mole percent of the total polycarbonate and 
the repeatrng unit represented by fomiula (5) constitutes 40-1 0 mole percent thereof; or 

[0043] Second polycarbonate type: Polycarbonates composed of a repeating unit represented by formula (3) above 
ana a repeating unit represented by the following fomiula (6): 



R I ft 




' CH3 
HaC CHs 




(6) 



where are each Independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 

1-6 carbon atoms, j> r 

such that the repeating unit represented by fomnula (3) constitutes 55-85 mole percent of the total polycarbonate and 
the repeating unit represented by formula (6) constitutes 45-15 mole percent thereof; or 

[0044] Third polycarbonate type: Polycarbonates composed of a repeating unit represented by foriTiula (3) above 
and a repeating unit represented by the following formula (7): 
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where R25-R32 are each iridependently selected from among hydrogen, halogen atoms and hydrocarbon groups of 

Ifch StheTp'eating unit represented by fomiula (1 ) constitutes 55-85 mole percent of the total polycarbonate and 

the reoeatina unit represented by formula (7) constitutes 45-15 mole percent thereof. 

004^ For'the fir^t second and third polycarbonates, in fomiula (3), R,-Rs are each independently selected from 
among hydrogen, halogen atoms and hydrocarbon groups of 1 -6 carbon atoms. As examples of ^y^^oo^^^- f^^^^ 
Of 1 -6 ca^on atoms there may be mentioned methyl, ethyl, propyl, butyl and the like^X ,s a f luorene --^^J^l^^^^' 
R,-R, are all hydrogen, or else either or both and R3 are methyl and either or both R^ and Rg are methyl group. 
100461 For the fir!t polycarbonate, in the repeating unit represented by fomiula (5) above; R9-R16 are each inde- 
pendently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1 ^^jj^/^;;^^- f^^^ 
bon groups of 1 -6 carbon atoms there may be mentioned methyl, ethyl, propyl, butyl and the like. In formula (5). R9 

X 'T.:ZX'^^::L.^ ^ fom,u,a constitutes eo-90 mole percent of the total Po.V-- 
he ropoatmg unit represented by fomiula (5) constitutes 40-1 0 mole percent thereof . Outs.de of these ranges Jhe fHrn 
will no. have both positive and negative retardation value ranges at wavelengths from 400-800 nm. Afthoughjt v^H 
depend on ,he conditions, when the film is fabricated under ordinal uniaxial stretch.ng '^-^^^^^ ^^^^.^^^ 
ployed in .he examples described below, the single polycarbonate film can sen/e as a retardation film with a negative 
Srda ion value a^a wavelength of 400 nm and a posrtive retardation value at 800 nm, thus having a wavelength 
"ngerwhich the retardation is positive and a wavelength range in which it is negative 

the repeating unit represented by fomiula (3) at 71-79 mole percent of the total polycarbonate and including the re- 
oeatina unit represented by fomnula (5) at 29-21 mole percent thereof. ^„„^„m 
?00481 For the second polycarbonate, in the repeating unit represented by fomiula (6), R^.-R^. are ^ac^ m^«P^^^ 
entlv selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 carbon atoms. As exan^pies of 
SrocaS^n gr^^^^^ of 1-6 carbon atoms tLe may be mentioned methyl, ethyl, propyl, butyl and the like. In formula 

ir9i^""r;e7eS:;^ 

the repeating unit represented by fomiula (6) constitutes 45-1 5 mole percent thereof. Outside of these ranges, the f iln^^ 
Win not htve both positive and negative .Retardation value ranges at wavelengths from 400-800 nm. Afthough -t will 
depend on the conditions, when the film is fabricated under ordinary uniaxial stretching 

ployed in the examples described below, the single polycarbonate film can serve as a retardation film with a n^gat^e 
Srdation value at a wavelength of 400 nm and a positive retardation value at 800 nm, thus having a wavelength 
ange! Which the retardation is positive and a wavelength range in which it is negative «|f ^/^I^X"'^^^^^^^^^^^ 
the repeating unit represented by formula (3) at 65-73 mole percent of the total polycarbonate and including the re 
oeatinq unit represented by fomiula (6) at 35-27 mole percent thereof . „^„„,k, 
[0050] For the third polycarbonate, in the repeating unit represented by fomiula (7). R25-R32 are each 'ndependentfy 
selected from among hydrogen, halogen atoms and hydrocarbon groups of 1 -6 carbon atoms As ^r^^^^J^^^ 
carbon groups of 1-6 carbon atoms there may be mentioned methyl, ethyl, propyl, butyl and the like. In fomiula (7), 

[Ol^r T^eCSSXestnTed by fomiula (3) constitutes 55-85 mole percent of the total PO-Voarbonate and 
the repeating unit represented by formula (7) constitutes 45-15 mole percent thereof. Outs.de of these ranges, the f.ln, 
1 not hie' both positive and negative retardation value ranges at wavelengths from 400-800 nm. Although^ «.ll 
depend on the conSttions. when the film is fabricated under ordinary uniaxial stretching ^'^f^" f"^! 

ployed in the examples described below, the single polycarbonate film can serve as a retardation film ^^"■"^^^T^l 
retardation value aia wavelength of 400 nm and a positive retardation value at 800 nm. thus having a wavelength 
range in which the retardation is positive and a wavelength range in which it Is negative within that ^^S'^"- f 
the repeating unit represented by fomiula (3) at 66-74 mole percent of the total polycarbonate and including the re- 
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peating unit represented by formula (7) at 34-26 mole percent thereof 

Sc Jlh"® aforementioned polycarbonates, it Is believed that the repeating unit represented by formula (3) corre- 

f5Wfi> «nH?7r^'°"'"'r' '"'^'^ repeating unrts represented by for^X 

5), (6) and (7) correspond to components with positive refractive index anisotropy. " ^ ^ rormuias 

1 50?4 whLf T^'^H "7""?"' ^f^^^-^^^^o^ed polycarbonate are at a temperature of from (Tg - 30) to (Tg 
+ 50) C, Where Tg is the glass transition temperature in »C, with a draw ratio from a factor of 1 .01 to 4 and preferabi? 
a temperature of from (Tg - 1 0) to (Tg + 20)-C wrth a draw ratio from a factor of 1 .1 to 2.5. The re ardlon waveTenl 
fZ'ir^:^ *° determined by the polycarbonate material and Its state of orientation ""^"^''"^ 

10 1 f T*^!?*!! °!'^^ P°ly°«*°"ate is detennined by a limiting viscosity measurement using methylene 

10 chloride as the solvent, and the limiting viscosity is preferably 0 30-2 0 dl/g memyiene 

[0055] As production methods forthe polycarbonate there may be suitably used polycondensation methods and melt 

are used as a blend, a compatible blend is preferred but even If they are not totally compatible the refractive indies 
Of thecomponents can be matched to minimize light scattering between the components and ImproveTh^SnsZ^i 

(Blend film of polyphenylene oxide and polystyrene) 

^oo^Lrt'^^TT^'^f T^""'^ ''^ '""^ composing the retardation film of the invention is a blend of 

polyphenylene oxide and polystyrene. This combination can form a compatible blend and produces little haze and^s 
herej>re advantageous as a retardation film. In addition. poly(2,6-dimethyl-1 ,4-phenylene oxide), which ma^ be men- 

S?? ^^t'!i?o!°S^^^ polyphenylene oxide and polystyrene in this polymerblend film is preferably polystyrene 
25 foa^TT 1 H ; ""^^ °' P°'y(2,6-dimethyl-1 .4-phenylene oxide) at 39 25% by m2^ 

[0058] A re tardahon ,1m of the invention employing such a polymer blend film can usually be produced by stretching 
the aforementioned polymer blend film comprising polyphenylene oxide and polystyrene stretching 
Lmnii T'^V^^I'^T fabricated under ordinary uniaxial stretching conditions such those as employed in the ex- 

lT.ZaT^^!nn ■ T '^'^^ ' - P°-"-- retardation val^e at a 

wavelength of 400 nm and a negative retardation value at 800 nm. thus having a wavelength range In whichThe 

2 670/ b^ ZZT. ""^^ ' -9'°"- - Po'ySrene conten at 

rooloi ThTmo.2 T P0ly(2,6-dimethyl-1 .4-phenylene oxide) content at 34-33% by mass thereof. 

[0060] The molecular weight of the polystyrene is preferably such that the limiting viscosity is 0 20-2 5 dl/a as deter- 
mined by limiting viscosity measurement using methylene chloride as the solvent 
[0061] The polystyrene may also be stereospecific 

0°20 2 5 Ji/o I^h"?"'^' ""if ' °! P°'yPhenylene oxide used is also preferably such that the limiting viscosity is 

f ^ detemiined by a limiting viscosity measurement using chloroform as the solvent 
S^nH nf th T ""^f " ^ f""' according to the Invention, particularly a film of the aforementioned polymer 

publiciv know^^^^^^^ and polystyrene, it is preferred to employ solution casting film fon^ation. I'chTs a 

40 olane ' "^"'^ ""^^ P"''"'^'^ known-solvents such as chlorofoir; and diox- 

(Productlon of retardation film) 

Jc? retardation film of the invention may be produced by using a publicly known melt extrusion process 

Inmhlr ^ °' '° " ^'"^ ^^P^'^^^^ °^ "'^"^ PO'V^er material comprising an approp^ate 

combinat on of components with positive and negative refractive Index anisotropy as explained above, and then Sch 
ing it^Solvent casting is preferably used from the standpoint of film thickness irregularities and outer appearance 
rnn<f« T"^"""^ '° "^^^ """^'"^ methylene chloride, dioxolane and the like ^PP^^^ance. 

S^i^fr^f h""""^ known stretching process may be used for stretching, but uniaxial stretching is preferred The 
uniaxial stretching may be either longitudinal or lateral stretching. For improved stretchabllity. the film may also contain 
rSteTosor'"'': including phthalic acid esters such as dimethyl phthalate. diethyl prhaTatetd di ut; 
phthalate. Phosphonc acid esters such as tributyl phosphate, aliphatic dibasic esters, glycerin derivatives glycol de 
ZlTth f • above-mentioned organic solvent used ^or formation of the' Nm may 

- ~g™;;mr °^ ^^^^-^^ ^-'-^''^ ^ mass with respect to the' 

J^V^'Z^^^'°2 l!"" ""^y '^^ ^^'^'"^ry uniaxial stretching of the polymer film but 

It r^ay also be obtained by publfcly known drawing in which the refractive index is increased in the film tS ess 
direction, successive or simultaneous biaxial stretching, or the like. micxness 
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(Addition of low molecular compound with optical anisotropy) 

[00671 A low molecular compound with optical anisotropy may be added to the retardation film made of a polymer 
material according to the invention, so long as it has a wavelength range in which the retardation value b positive and 
5 a wavelength range in which it is negative, in a wavelength range of 400-800 nm. In such cases, the amount of the 
low molecular compound is preferably no greater than 20 parts by mass and preferably no greater than 10 parts by 
mass to 1 00 parts by mass of the total retardation film. The purpose of adding a low molecular compound is to achieve 
delicate control of the retardation wavelength dispersion, but if it exceeds 20 parts by mass it may notably lower the 
glass transition temperature of the polymer material, or precipitate from the polymer material, or in some cases it nnay 
10 cause phase separation and produce turbidity, thus making it Impossible to maintain transparency. The retardation film 
of the invention is composed substantialV of a polymer material and its properties are utilized to realize a unique 
wavelength dispersion of retardation; the low molecular compound serves only as an additive to complement the prop- 
erties of the polymer. Because the retardation film of the invention is made essentially by stretching at near the glass 
transition temperature of the polymer material, the low molecular compound is preferably one that does not sublimate 
or gasify at the glass transition temperature of the polymer material to which it is added. The low molecular compound 
is also preferably one with good compatibility with the polymer material of the retardation film, or if it has poor compat- 
ibility one which has a matching refractive index so that transparency is not lost. 

[00681 The low molecular compound with optical anisotropy mentioned here is a compound which has an asymmet- 
rical molecular structure for anisotropy of the refractive index of the molecular structure, and it is preferably organic 
with a molecular weight of no greater than 3000. Whether or not a low molecular compound has optical anisotropy is 
detennined by whether or not the retardation wavelength dispersion of the retardation film changes between when i 
is added and when it is not added to a retardation film of the invention. That is, a low molecular compound with optical 
anisotropy as defined here is one which, when added to a retardation film, changes the retardation wavelength dis- 
persion of the retardation film. As mentioned above, the molecular weight is preferably not over 3000, since his will 
25 tend to result in phase separation with the polymer material, which is the primary material of the retardation film. 

[0069] While there are no particular restrictions on such low molecular compounds, there may be mentioned as 
examples, liquid crystals, polymerizable liquid crystals, saccharose acetate, xylene, toluene, bipheriyl. terphenyl. di- 
chromatic colorants, colorants, dyes, pigments, near infrared absorbing colorants, oligomers, dialkyi phthalates, and 

[00701^' The method of addition may be any publicly known method commonly used for addition of polymer material 
plasticizers or the like. The aforementioned low molecular compound may also serve as a plasticizer. 
[0071 1 When a polycarbonate such as mentioned above Is used as the polymer film of the invention, addition of the 
low molecular compound with refractive index anisotropy may result in a slight shift In the preferred copolymerization 
ratio (molar ratio) of the polycarbonate. 
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(Other additives) 

[0072] There may also be added to the retardation film of the invention various ultraviolet absorbers such as phe- 
nylsalicylic acid. 2-hydroxybenzophenone and triphenylphosphate. or bluing agents for adjustment of the color, anti- 
40 oxidants, and the like. 

(Film thickness) 

[0073] The thickness of the retardation film is preferably from 1 ^m to 400 ^m. 11 is more preferably 1 0-200 and 
45 even more preferably 30-1 50 |im. 

(Modification of other optical properties of the film) 

[0074] One of the properties sometimes required for a retardation film used for a liquid crystal display device or 
50 reflective polarizing film is the requirement that the retardation not change even when the angle of incidence to the 
retardation film changes from normal incidence to oblique incidence. In such cases, the value of N2(n^ ' " "v^' 

expressed in terms of the three-dimensional refractive index n^. ny and n^. is preferably between 0.3 and 1 .5. In par- 
ticular when = 0.5, there is virtually no change in the retardation even when the angle of incidence to the retardation 
film changes from normal incidence to oblique incidence. The three-dimensional refractive index is obtained by meas- 
55 uring the incident angle dependence of retardation, assuming the retardation film as a refractive index sphero,d. The 
measuring wavelength is established at 400-800 nm, and preferably 400-780 nm. but it may also be established at 

^00751° appropriate use of publfely known stretching techniques and film fonming techniques for the polymer film 
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Of the ,nvent,on, .t is possible to obtain retardation films with a variety of optical properties, such as n, ^ n, > n n - 
A«lvnirinL"C ".C " * """^^ ''""'^ ""^y fabricated with these optical axes at i^clinltions 

?en?^S hL th T^^'^J"^ wavelength dispersion is controlled by the state of polymer orientation as r^pre 

contS *^Vk ^^«-'^'"'«"«'°"«I --^f-active index, etc. and the chemical structure of the polymer, but by cMng 
o?riLnt?l t "^^"'r" '""^ ""'^"^ wavelength dlpersion of the fiZonhe 

r^^^lr H ■ " ''^r '° ^"9le enlarging and color compensating films that are suited for given 

purposes and can contribute to enhanced image quality of liquid crystal display devices. 

(Methods of using the film) 

l^ri The retardation film of the invention may be used instead of glass plates sandwiching a liquid crystal layer of 

Tal^rT Ti T'^.T'^ ^'"'""^ ''^""'^^ '° P^'^^"" °f « base film and a retLatlon Hm 

[0077] The retardation film of the invention can be attached to a polarizing film via a tacky layer or adhesivelaver to 

rrmXie"sr:;^:s^t~^^ 

(Laminated retardation film) 

[00781 The retardation film of the invention can also be used as a laminated layer with another retardation film having 
a positive or negative retardation value in the measuring wavelength range of 400-800 nm. Here a r^aSon fS 
wrth a positive retardation value is one whose direction of stretching is tie delay axis which fs the iSn of t e 
TucZZ l^rr. ?r ^ "^"^"'"^ v.a.elen^U range of 400-800 nm, when uniaxial^ stre ched at a 

To nT^So^'T^ T^ ? : f ^ *° " P^^^^^^'^'y ^^O-C and more preferably from (Tg -10)-C 

L Zl I . . °' ^^t^^'i^tion film, While a retardation film with a negative retartation Jlue 

1 whl r.,rH °r " perpendicular to the delay axis in a measuring wavelength range of 40^800 

nm. when stretched in the same manner. The retardation film of the invention may be used as a (laminated) retarda^on 
tlT reCd^r" -♦«^<'««°n film having a positive or negative retardation vL" o 21 contro of 

he retardation wavelength dispersion of the other retardation film and thus contribute to enhanced image qualJv of a 
.0 ZI J'^T °^ "'^ ™' °f ^ffe'^ts of the invention. ^ ^ ^ 

S^!n , ''''11''°" °' '^"^ination is generally set as appropriate depending on the purpose of use and for 
exar^p^e. among tine retardation films of the invention, those retardation films with wavelength Ipersion properties 
rerlrSirfrL'vinn' ""'^ "^^^'^"9th end may be laminated wit'h anier 

So S n^l ^ "^"^ retardation value with their stretching axes mutually parallel, to allow control of the 

TZ Z , Tk""'^ wavelength dispersion properties that are positive at the short wavelength end and negaXe 
a the long wavelength end may be laminated with another retardation film having a positive retardation va^e wtth tS 

fi m aT^ "sT: is?oss1Sr,'""'"' '° '^r^"' °' "'^^'^*^" dispersion properties of the other rirarSIt o 
Zl'J^, V ^ ° retardation film to give it the desired retardation properties for 

e^dT T ^ T '^"^'"T: "'"^ wavelength end and a large retardation value at the long wSnmh 

fength ^of 'iotoo n^: for"' '''!'"^ ' r^'^''°" ^"'"^ ^^^^^'^ « <'-'ter wavelen'gtHor wafe 

engths X of 400-800 nm, for example, which can be suitably used especially for polarizing film-inteqrated reflective 

tenSth Of 450 nm " ^""^'""^^'^ °^ ""^ '^^^^ « wavl 

''5 [0080] For fabrication of a wide-band X/4 film by a combination such as described above the other retardation film 
sTch'thTT TT""" ""^'•^^^ '""^ ^-'"9 ^^»-«^««°" wavelength dtper^rp^per^^^^^ 

wavelengths' " " ^'"'^"^ wavelengths and the retardation vie is 'arger v^th lonTer 

S.n?"?''^'^;-^"'°"l'^^ retardation films of the invention, a retardation film which is positive at the short wave- 
length end and negative at the long wavelength end may be laminated with another retardation film whose retardXn 
t^orer r7' H "'"^ mutually parallel, to allow control of the retardation dispeln "roSl of 

the other re ardation film. As a result, it is possible to improve the other retardation film to give it the desired retardation 

Ted "txaToie in'^h r "T"'" " '"^^ birefringence wavelength dispersion that can be suit^i? 

ZTJZTt Kl'l high-speed response super twisted nematic liquid crystal display device with a large birefrin- 
gence wavelength dispersion in the liquid crystal cells. oireinn 

[0082] These will be explained in further detail by means of Examples, but it is possible to control the wavelength 
dispersion property of the retardation by laminating the retardation films in this manner. wavelength 
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r00831 in such cases, since both are laminated with their stretching axes parallel, if both of the films have been 
fabricated by longitudinal uniaxial stretching, for example, it is possible to carry out the attachmerit step in a rol -to-roH 
manner which is highly advantageous from the standpoint of productivity. When fabricating a wide-band A/4 film with 
such a combination, a film with a smaller retardation at shorter wavelengths may be used for retardation wavelength 
dispersion of a retardation film with a positive retardation value, for example. 

[0084] These will be explained in further detail by means of Examples, but it is possible to control the wavelength 
dispersion property of the retardation by laminating the retardation films in this manner 

[0085] Incidentally, while some control of the retardation is possible even by the method of Japanese Patent Publi- 
cation No 2609139, it requires a plurality of positive or negative films. On the other hand, a retardation film according 
to the invention which has retardation wavelength dispersion such that the retardation is negative at the short wave- 
length end and positive at the long wavelength end can be laminated with another single retardation film with a certain 
wavelength dispersion, so that, when it is not desired to change the retardation value of the other retardation film at a 
measuring wavelength of 550 nm, for example, the retardation wavelength dispersion can be controlled very delicatey 
for retardation which is smaller at the shorter wavelength end than that wavelength and larger at the longer wavelength 
end A retardation film characterized by having a range in which the retardation value is positive and a range in which 
it is negative, at measuring wavelengths of 400-800 nm according to the invention, may not only be used in combination 
with other retardation films in this manner but, by itself, it can also compensate for optical properties of liquid crystal 
cells of liquid crystal display devices, and enhance image quality. 

[0086] The retardation film of the invention can also be used in combination with a polarizing film or the like in the 
optical elements not only of liquid crystal display devices but also of other display devices, such as organic electrolu- 
minescence displays (also referred to as OLEDs), plasma displays, field emission displays, inorganic electrolumines- 
cence displays and the other light emitting elements. , ono 
[0087] The material for a retardation film with a positive retardation value in the total wavelength range of 400-800 
nm is preferably a polymer material, and examples of preferred ones include polycarbonates, polyesters, polyallylates. 
polyolefins. polyethers, polyphenylene oxides, polysulfones, polyethersulfones, polyvinyl alcohols amorphous poly- 
olefins, liquid crystal polymers, polymerizable liquid crystals which have been oriented and hardened, etc. The material 
for a negative retardation film is preferably polystyrene, polycarbonates with fluorene skeletons, tnacetyl cellulose, etc. 
Polycarbonates are particularly preferred from the standpoint of transparency and high heat resistance and. as exam- 
ples of bisphenol components composing such polycarbonates, there may be mentioned bisphenol A b.scresol bi- 
sphenols with fluorene skeletons, bisphenols with isophorone skeletons or the like, bisphenols with cyclohexane skel- 
etons, and the like. Copolymers of two or more of these may also be used. More prefen-ed are homopolymers with 
bisphenol A as the bisphenol component. „tr.„^ 
[0088] optical compensating films composed of discotic liquid crystals, polymer liquid crystals with a twisted struc- 
ture etc. may also be laminated with the retardation film of the invention. 

r00891 When the retardation film of the invention is laminated with another retardation film and used as a quarter- 
wave film it is preferred forthe retardation value to be 1/4 wavelength at a measuring wavelength of 550 nm and more 
specifically, the retardation value is preferably from 11 0 nm to 1 60 nm. This value will be set depending on the pu rpose 
of use This quarter-wave film may be used as an element that converts circularly polarized light to linearly polarized 
light or linearly polarized light to circulariy polarized light in a reflective liquid crystal display device using only one 
polarizing film or in a reflective liquid crystal display device comprising a combination of guest-host crystals and a 
quarter-wave film, or as an element that converts circularly polarized light to linearly polarized light, in combination 
with an element that only reflects circulariy polarized light on one side which is used as a brightness-enhancing film of 
a backlight-equipped transmission liquid crystal display device. 

45 (Retardation film-Integrated polarizing film) 

rOOSO] The retardation film of the Inventioncan realize effects that are difficult to achieve with combinations of ordinary 
retardation films, by preparing a retardation film-integrated polarizing film which is a combination of, for example, an 
ordinary polarizing film comprising a dichromic absolving substance such as iodine or a dye. or a reflective polanzing 

50 film that reflects or diffuses only polarized light on one side. For example, a retardation film of the invention having a 
retardation of approximately zero at a measuring wavelength of 550 nm. a negative retardation at shorter wave engths 
and a positive retardation at longer wavelengths may be used in combination with a dichromic absorbing po arizing 
film to avoid changing the linearly polarized state at a measuring wavelength of 550 nm while changing only the po- 
larized state at other wavelengths, thereby allowing a change of the wavelength dispersion of the outgoing polanzation 

55 state of the polarizing film. . . 

r0091l Also while triacetyl cellulose films have conventionally been used as protective films for polarizing films con- 
taining iodine or dichromic pigments added to polyvinyl alcohol, a retardation film of the invention may be used in place 
of such a protective film. For improved adhesion with the polarizing film in such a case, various types of coating agents 
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^mLur. Si t ""^""^ ^^^""^ ""^^ "^^'^ '^'^ P"'P°«^ urethane-based resins. Adhesives and 

mfr!^. t w adhesives preferab^ are transparent with a refractive index matching that of the films in o^deno 

Thi! w ? TT; ^"5/''^ P"^"^"''^ —iteration of heat shrinkage oUhe X 

5 retardation film-integrated polarizing film can be used, for example, as an anti reflection fHm for 

5 an emission device or touch panel, in addition to a liquid crystal display device. reiieciion film for 

(Liquid crystal display device) 

io "^'"^ aforementioned retardation film or retardation film-integrated polarizing film in a liquid crvstal 

pl'S^a'qlSiStrSat r^''" '"^^^ «^ °^ ^•'^ ma; aCbeusedTn 

place of a glass plate. In that case, an effect is provided whereby it is possible to reduce the number of optical membe.^ 
used in the liquid crystal display device while also lowering the thickness, which is a drawback ^ gls'SrsTthat 
It becomes possible to prevent image fading due to parallax caused by the thickness of the glass which constitutes a 
- plate toTrear ' ''^^'^^ "'"^ compensating for t'he tendency of the gSss 

(Schematic diagrams of the embodiments) 



25 



Ra 2 wh.rt^ t f ^'^^ ' ""^^ "^^'^ '° "''^^^ « construction such as shown in 

Fig. 2, Wherein It is laminated with another retardation film 2 to construct a laminated retardation film 3 or wherein 
IS laminated with a polarizing film 4 to construct a retardation film-integrated polarizing film 5. If necTssk^ a puS 
known pressure-sensitive adhesive may also be used for the lamination ^' ^ 

[0095] This type of retardation film of the invention may be suitably incorporated into a liquid crystal display devfee 

pc^aiina ?ii: s'ln ' °^ ^ '^"'"^^^'^ ^^^^^''^^'^ ^ - « -t-*^^*- nteg'ted 

polanzmg film 5. In Fig. 4. 6 is an electrode-attached glass substrate. 7 is a liquid crystal layer and 8 is a seal. 

Examples 

(Evaluation methods) 

fTig?v:iuTo:';!;etS. °' "'^"'^'^ '^^"''^'^ -^^^^^"^ ^p-^'-^- t'^e 

(1 ) Measurement of retardation values (An • d) 

SfhS The retardation value which is the product of the birefringence An and the film thickness d was measured 
with the spectral ellipsometer "MISO" by Jasco, Inc. measurea 

(2) Measurement of proton NMR 

fm!!?l . composition ratio of polycarbonate was analyzed by proton NMR measurement The meas- 

unng solvent used was denterated benzene, and the apparatus used was a "JNM-alpha600" by Nippon DenshL 

(3) Measurement of film thicl<ness 

[0100] Measurement was made with an electronic micrometer (measuring instrument) by Anritsu Corp. 
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(4) Measurement of water absorption 



S ?Q Measurement was made according to "Plastics Water Absorption and Hot Water Absorption Testing Method" 
1 ' th ; T'' ^"^^ test piece was a 60 S^^^^^^ 

for 24 hours. The units are given as percentages. 
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(5) Polycarbonate monomers 

[0102] The structures of the polycarbonate monomers 
were as follows. 



used in the following examples and comparative examples 
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20 Example 1 

wavelength dispersion properties at measuring wavelengths of 400-7ornm Table l^nrt pj, .? 7 1 "^"f 
Example 2 
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the long wavelength end. 
Reference Exannple 1 

5 [01 08] A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers listed 
in Table 1 were used. This was used to fabricate a retardation film in the same manner as Example 1 except that the 
stretching conditions were 1 60^C and a factor of 1 .1 . The retardation film had positive refractive index anisotropy and 
had the retardation dispersion values shown in Table 1 . 

10 Example 4 

[0109] The retardation film fabricated in Example 1 and the retardation film of Reference Example 1 were attached 
using an adhesive in such a manner that their stretching axes were parallel. The retardation wavelength dispersion 
properties of the laminated retardation film are shown in Table 2 and Fig. 6. The laminated retardation film had a larger 
15 retardation with longer wavelengths, indicating that the retardation film had retardation of approximately a quarter 
wavelength in a wide range. 

[01 1 0] This laminated retardation film and a commercially available polarizing film ("LLC2-921 8", trade name of San- 
ritsu, KK.) were attached via an adhesive in such a manner that the absorption axis of the polarizing film and the delay 
axis of the retardation film were arranged at 45**. After removing the touch panel, polarizing film and retardation film 
20 on the observer side of the liquid crystal layer of a reflective color liquid crystal display device of a portable data terminal 
("Zaurus Color Pocket MI-31 0", trade name of Sharp Corp.), the retardation film-integrated polarizing film was attached 
via an adhesive at an appropriate angle. The portable data terminal was activated, and a display device was thus 
obtained with excellent image quality exhibiting no coloration of the black state. 

25 Reference Example 2 

[01 1 1 ] A polycariDonate copolymer was obtained by the same method as Example 1 , except that the monomers listed 
in Table 1 were used. This was used to fabricate a retardation film in the same manner as Example 1 except that the 
stretching conditions were 161**C and a factor of 1 .2, The retardation film had positive refractive index anisotropy and 
30 had the retardation dispersion values shown in Table 1 . 

Example 5 

[0112] The monomers listed in Table 1 were used to fabricate a polycarbonate copolymer in the same manner as 
35 Example 1 . The sample with a ratio of monomers [A] and [D] of 26:74 (mol%) had negative retardation at the short 
wavelength end and positive retardation at the long wavelength end. The retardation dispersion values are shown in 
Table 1 . 

Example 6 

40 

[0113] The retardation film of Example 5 and the retardation film of Reference Example 2 were attached using an 
adhesive in such a manner that their stretching axes were parallel. The retardation wavelength dispersion properties 
of the laminated retardation film are shown in Table 2. The laminated retardation film had a smaller retardation with 
longer wavelengths. The laminated retardation film had a large An-d(450)/An-d(550) value of 1 .18 and a large liquid 
45 crystal cell retardation wavelength dispersion, thus exhibiting satisfactory properties for a high-speed response super 
twisted nematic liquid crystal display device. 

Example 7 

50 [01 14] A methylene chloride dope solution with a solid concentration of 20% by mass was prepared using 1 .5 parts 
by mass of saccharose octaacetate to 98.5 parts by mass of the polycarbonate copolymerized in Example 1 . A cast 
film with a thickness of 120 jjim was fabricated from the dope solution, and it was uniaxially stretched to a draw factor 
of 1 .2 at a temperature of 240**C to make a retardation film having the retardation wavelength dispersion values shown 
in Table 1 . Table 1 confirms that at measuring wavelengths of 400-800 nm, the retardation wavelength dispersion value 

55 is negative at the shorter wavelength end and positive at the longer wavelength end, but a different retardation wave- 
length dispersion from Example 1 was obtained. 
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Table 1 







Example 1 


Example 2 


Example 3 


j Ref. Ex. 1 


Ref. Ex. 2 


Example 5 


Example 7 


5 


Monomer 1 
structure (charging 
amount in mole 
perceni^ 


[A] 
(26) 


[B] 
(30) 


rci 

(30) 


(100) 


[A] 
(100) 


[A] 
(26) 


[A] 
(26) 


10 


Monomer 2 
structure (charging 
amount in mole 
percent) 


[D] 
(74) 


[D] 


[D] 






[D] 
(74) 


[D] 
(74) 


15 


Film thickness 


80 


80 


75 


80 


80 


80 


80 




R (400) (nm) 


'90 


-93 


-33 


174 


423 


-70 


-67 




R (700) (nm) 


pn 


o 
o 


7 


139 


345 


17 


8 


20 


A n-d (450) (nm) 


-44 


-35 


-19 


153 


380 


-33 


-33 




An-d (550) (nm) 


0 


5 


-3 


140 


350 


0 


-4 




A n-d (650) (nm) 


16 


10 


5 


139 


345 


14 


6 


25 


water absorption 
(mass%) 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0,2 



Table 2 
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Comparative Examples 1-6 





Example 4 


Example 6 


A n-d (450) (nm) 


109 


413 


A n-d (550) (nm) 


140 


350 


An-d (650) (nm) 


155 


331 


And (450)/ And (550) 


0.78 


1.18 


An-d (650)/ An-d (550) 


1.11 


0.95 



fS/Jn^ All polycarbonate polymers were obtained In the same manner as Example 1. except that the monomers 
n ib^el Jt'lT ""'r ^° '^"'^^'^ same'man'ner as^Example 1 As shown 



Table 3 





Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Comp. Ex. 5 


Comp. Ex. 6 


Monomer 1 
structure (charging 
amount In mole 
percent) 


[A] 
(70) 


[A] 
(5) 


[B] 
(70) 


[B] 
(5) 


[C] 
(70) 


[C] 
(5) 


Monomer 2 
structure (charging 
amount in mole 
percent) 


[D] 
(30) 


[D] 
(95) 


[D] 
(30) 


[D] 
(95) 


[D] 
(30) 


[D] 
(95) 


A n-d (450) (nm) 


135 


-88 


134 1 


-75 


201 


-31 
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Table 3 (continued) 





Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Comp. Ex. 5 


Comp. Ex. 6 


A n-d (550) (nm) 


128 


-73 


129 


-64 


191 


-27 


An-d (650) (nnn) 


126 


-67 


126 


-60 


188 


-25 



Example 8 



io [0116] Polystyrene (Catalog No. 18242-7, product of Aldrich Chemical Co.) and poly(2,6-dimethyl-1 ,4-phenylene 
oxide) (Catalog No. 18178-1 , product of Aldrich Chemical Co.) were dissolved in chlorofomn at respective proportions 
of 66.5% by mass and 33.5% by mass, to prepare a dope solution with a solid concentration of 18% by mass. A cast 
film was fabricated from the dope solution and uniaxially stretched to a factor of 2 at a temperature of 130''C. 
[0117] The thickness of the film was 90 ^im, the retardation value at a measuring wavelength of 400 nm was 82 nm, 

15 the retardation value at a wavelength of 700 nm was -18 nm, and the water absorption was 0.3% by mass. Table 4 
shows the retardation values at 3 wavelengths and the values for the retardation wavelength dispersion properties at 
wavelengths of 450 and 650 nm with respect to the retardation value R(550 nm), or R(450)/R(550), R(650)/R(550). 
Fig. 7 is a graph showing the retardation wavelength dispersion properties. This film had positive retardation with a 
measuring wavelength at the shorter wavelength end and a negative retardation at the longer wavelength end. 

20 

Example 9 

[01 18] A polycarbonate with a viscosity-average molecular weight of 38,000 ("Panlite CI 400 Grade", trade name of 
Teijin Chemical Co., Ltd.) obtained by polymerization of bisphenol A and phosgene was dissolved in methylene chloride 

25 to prepare a dope solution with a solid concentration of 20% by mass, and this dope was used for solution casting to 
fabricate a polycarbonate film with a thickness of 100 p.m. The film was subjected to longitudinal uniaxial stretching to 
a factor of 1 .1 at 1 60*'C to obtain a retatxiatlon plate with a positive retardation value. The properties are shown in Table 
4 and Fig. 8. This retardation plate was attached to the retardation plate of Example 8 via an adhesive in such a manner 
that their stretching directions were perpendicular. The retardation wavelength dispersion properties of the laminated 

30 retardation plate are shown in Table 4 and Fig. 8. The laminated retardation plate had a delay axis in the stretching 
direction of the polycarbonate, and as shown in Fig. 8, the retardation was smaller with shorter measuring wavelength 
and it functioned as a quarter waveplate in a considerably wide range. 

[0119] This retardation plate was attached to a commercially available polarizing plate in such a manner that the 
polarizing axis thereof was arranged at 45** with the delay axis of the retardation plate, and was then substituted for 
35 the polarizing plate and retardation plate on the observer side of a reflective color liquid crystal display device of a 
commercially available portable data terminal, "Zaurus Color Pocket MI-310T'^". The result was a liquid crystal display 
device with excellent image quality. 

Example 10 

40 

[0120] A polycarbonate with a viscosity-average molecular weight of 38,000 ("Panlite CI 400 Grade", trade name of 
Teijin Chemical Co., Ltd.) obtained by polymerization of bisphenol A and phosgene was dissolved in methylene chloride 
to prepare a dope solution with a solid concentration of 20% by mass, and this dope was used for solution casting to 
fabricate a polycarbonate film with a thickness of 100 \im. The film was subjected to longitudinal uniaxial stretching to 

45 a factor of 1 .2 at 1 62* C to obtain a retardation plate with a positive retardation value. The properties are shown in Table 
4 and Fig. 9. This retardation plate was attached to the retardation plate of Example 8 via an adhesive in such a manner 
that their stretching directions matched. The retardation wavelength dispersion properties of the laminated retardation 
plate are shown in Table 4 and Fig. 9. The laminated retardation plate had a delay axis in the stretching direction of 
the polycarbonate, and while there was virtually no change in the retardation at a measuring wavelength of 550 nm, 

50 with shorter wavelengths the retardation was larger than the polycarbonate retardation plate alone. 

Comparative Example 7 

[0121] The polystyrene and poly(2,6-dimethyl-1 .4-phenylene oxide) used In Example 8 were dissolved in chloroform 
55 to respective proportions of 80% by mass and 20% by mass, to prepare a dope solution with a solid concentration of 
1 8% by mass. A cast film was formed from this doping solution, and was subjected to uniaxial stretching to a factor of 
1 .7 at a temperature of 130**C. 

[0122] The retardation wavelength dispersion properties are shown in Table 4. The film was a negative retardation 
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10 



plate. 

Comparative Example 8 

f^rSLor^ polystyrene and poly(2,6-dimethyl-1 .4-phenylene oxide) used in Example 8 were dissolved in chloroform 

1 3 It a te^eratu'?oM3oS ^^'j^^^^*^ ^^^^^^'"9 »° « °^ 

^124] The retardation wavelength dispersion properties are shown in Table 4. The film was a positive retardation 



15 



20 



25 







Table 4 




Example 8 


Example 9 


Example 10 


Comp. Ex. 7 


Comp. Ex. 8 


Retardation plate 
material 


PS/PPO 


PC 


PC+PS/PPO 


PC 


PC+PS/PPO 


PS/PPO 


PS/PPO 


Stretching axis 
attachment angle 






perpendicular 




parallel 






An-d (450) (nm) 


41 


153 


112 


323 


364 


-43 


51 


A n-d (550) (nm) 


2 


142 


138 


300 


302 


-43 


44 


An-d (650) (nm) 


-14 


138 


155 


290 


276 


-42 


41 


R(450)/R(550) 


20.5 


1.08 


0.81 


1.08 


1.21 


1 


1.16 


R(650)/R(550) 


-7 


0.97 


1.12 1 


0.97 


0.91 


0.98 


0.93 


i-o/i-rw. poiysiyrene/poiy(2,6- 
PC: polycarbonate 


aimethyl-1 ,4-phenylene oxide) b 


end 







30 Industrial Applicability 

ln!ff L ^"P'^*"^,^ retardation film of the invention has a region In which the retardation value Is positive 

or ?n cSl"«tio " r'"'^ "^^^'"'"^ wavelengths of from 400-800 nm, and can therefore be u?ed a,one 

or m combmation with another retardation film for adjustment to a suitable retardation value to provide an exceHem 
35 viewmg angle enlarging film, color compensating film, polarizing film, circularly polarizing film ellbrrpolarfzina «m 
w^atrne f ''"r ^^'"^ ^ P"^"^^''"^ '^^'^P^-"^ a polyca Jnate coSeranrble d 



40 

Claims 



1. 



A retardation film consisting of a single polymer film, which has a wavelength range in which the retardation value 
-s pos, ,ve and a wavelength range in which it is negative In a wavelength range of 400-800 nm whS satSes 
the following inequality (1) and/or (2), and which has a water absorption of no greater than 1°/" by mass 



50 



IR(400)I > lOnm 



IR(700)I > 10nm 



where IR(400)I and IR(700)I represent the retardation values at wavelengths of 400 nm and 700 nm. respectively. 

^' tT'^^l^rl^^^ ^'"^ according to claim 1 , wherein the retardation value is negative at a wavelength of 400 nm and 
the retardation value is positive at 800 nm. 

3. A retardation film according to claim 1 or 2, wherein said polymer film is a polycarbonate film. 
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4. A retardation film according to claim 3, wherein said polymer film is a polycarbonate film with a fluorene skeleton. 

5. A retardation film according to claim 4, wherein the polymer film comprises a polycarbonate composed of a re- 
peating unit represented by the following formula (3): 



10 



15 





(3) 



20 



where Ri-Re are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 
1-6 carbon atoms, and X is the following formula (4) 



25 




(4) 



30 



and a repeating unit represented by the following fomnula (5): 



35 



40 




(5) 



where R9-FI16 are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups 
of 1 -6 carbon atoms, 

and the repeating unit represented by formula (3) constitutes 60-90 mole percent of the total polycarbonate and 
the repeating unit represented by formula (5) constitutes 40-1 0 mole percent thereof. 

6. A retardation film according to claim 1 , wherein the retardation value is positive at a wavelength of 400 nm and 
the retardation value is negative at 800 nm. 

7. A retardation film according to claim 1 or 6, wherein the polymer film is a single polymer blend film comprising 
polyphenylene oxide and polystyrene. 

55 8. A retardation film according to claim 7, wherein the polymer film is a single polymer blend film comprising 39-25% 
by mass of polyphenylene oxide and 61 -75% by mass of polystyrene. 



45 



50 



9. A retardation film according to any one of claims 1 to 8, wherein the polymer film further contains up to 20% by 
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mass of a low molecular compound with optical anisotropy. 

fpSl^^tS^^^^^ ^''"^ ^"""^^^ laminating a retardation film according to any one of claims 1 to 9 as a first 

fror40^^^^^ ^ ^ retardation film which has a positive or negative retardation value at wavelengths 

^rl^lT^^^^^^ ^""^ ^o^ox^m to claim 10, wherein the absolute value of the retardation of said second 

retardation film is smaller as the wavelength is shorter. 

IvSt^^^^^^^ ^'"^ ^'^''^ ''^ retardation value is 1/4 wavelength at a 

™H?nf r ^''"^-''^^^S;^^^^ P°'^^>^^"g fomied by laminating a retardation film or laminated retardation film 
according to any one of claims 1 to 1 2 with a polarizing film. 

V^ms^7o^\t "^'^^'^^ "^'''''^ employing a retardation film or laminated retardation film according to any one of 
15. A liquid crystal display device employing a retardation film-integrated polarizing film according to claim 13. 



25 



30 



35 



40 



45 
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Fig.l 

1 



Fig. 2 





F i g . 4 



1(3.5) 
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Fig. 9 
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